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Abstract. We report here the results of high-resolution 
and spectral imaging X-ray observations, with both the 
ROSAT HRI and PSPC, of the field surrounding the 
nearby {D = 64Mpc) type 1 Seyfert galaxy IC 4329A 
and its giant lenticular companion IC 4329. Many point 
sources are detected, the brightest being associated with 
IC 4329A itself, having an extremely bright X-ray lumi- 
nosity of 6 X 10*'^ erg s~^, and spectral properties com- 
patible with a single power-law model (T = 1.73), with 
a spectral break at 0.7 keV. Two other bright sources are 
detected associated with the companion galaxy IC 4329, 
and a likely quasar 14' to the south-west. We have also es- 
tablished, through optical observations taken at the Euro- 
pean Southern Observatory, that three further X-ray point 
sources, intriguingly positioned with respect to IC 4329A, 
are in fact nothing to do with the system, and are merely 
foreground and background objects. 

In addition to point source emission, residual, unre- 
solved emission is detected surrounding the IC 4329 A/ 
IC 4329 pair, extending for some 200 kpc. This emission 
appears markedly two-component, comprising of a spec- 
trally hard and smooth component, circularly-distributed 
about the central galaxy pair, and a spectrally soft, 
more clumpy component, positioned almost entirely to the 
south-east of IC 4329A. The hard component of the resid- 
ual emission itself appears two-component, one component 
being due to the 'wings' of the intensely bright IC 4329A 
source, the other, apparently due to hot (~ 1.5 keV) gas, 
likely associated with the galaxy group of which IC 4329A 
and IC 4329 are members. The soft component of the 
residual emission may be a larger version of the super- 
winds seen around some ultraluminous far-infrared galax- 
ies, or may even represent a 'stripped wake' of intragroup 
gas. Evidence for shocked gas due to the central IC 4329A/ 
IC4329 interaction is also found between the two central 
galaxies. 
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1. Introduction 

IC 4329A is a nearby {z = 0.01605), edge-on, SO, type 
1 Seyfert galaxy, at a distance of 64Mpc {Hq = 75 km 
s~^ Mpc~^), situated very close to the centre of Abell 
cluster A3574. This is unusual given that Seyfert galax- 
ies, like most spirals, are rarely found inside clusters (e.g. 
Osterbrock 1991). This cluster, first described by Shap- 
ley ( 1936| ), is often referred to as the IC 4329 cluster or 
group, after its brightest member (e.g. de Vaucouleurs et 
al. |1964| ), or as Klemola 27 (Klemola [1969D , and is the 
easternmost and most distant member of the chainlike 



Hydra-Centaurus Supercluster (Chincarini & Rood 1979). 

The heavily reddened type 1 Seyfert nucleus observed 
within IC 4329A (Winkler et al. |1992| ) is a strong FIR/X- 
ray source, the 25/im peak in the IRAS flux density, sug- 
gestive of there being hot gas close to the nucleus. It 
has the steepest Balmer decrement {Ha/Hf3 ~ 12) of 
any known Seyfert, a very steep optical spectral index 
{a — 4.4), and it is seen to show Nai in absorption (Pen- 
ston & Wilson 1979). Although calculated extinction val- 
ues indicate that the absolute visual magnitude My, is at 
least -23, and may be as high as -25, IC 4329A appears 
optically, to be a largely undisturbed edge-on system, with 
a prominent dust lane. 

The brightest galaxy within the cluster, the giant 
lenticular IC 4329 has a redshift close to that of IC 4329A 
(Aw = 460km s~^), and lies at a projected distance of 
59 kpc to the west. As pointed out by KoUatschny & 
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Frickc (1989), these two systems appear to be part of 
a loose group of seven galaxies, indicating that a num- 
ber of the group member's activity may well be linked 
to past interactions. The fact that IC 4329 is a shell 
galaxy, together with the fact low surface brightness fea- 
tures are observed around IC 4329A (Wolstencroft et al. 
1995 ), suggest that an interaction is taking place between 
IC 4329 and IC 4329A. Of the seven group members, only 
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IC 4329A shows any indication of significant nuclear ac- 
tivity. 

Further evidence for possibly interaction-induced ac- 
tivity is also apparent from emission-line imaging studies. 
A halo of emission-line gas can be seen ar ound IC 4329A 
in the iJa-|-[Nil] image of Colbert et al. ( 1996 ), extend- 
ing along the minor axis, ^10" (3kpc) on both sides of 
the nucleus, with a luminosity of ~ 2.5 x lO'^^erg s~^. An 
almost identical image is seen in Mulchaey et al. ( 1996| ). 
This Ha halo is believed by both sets of authors to rep- 
resent an outflow from the nucleus, perhaps a superwind 
of the type commonly seen in edge-on infrared-luminous 
galaxies (e.g. McCarthey et al. 1987; Armus et al. 1990). 



established prior to this that large amplitude variabil- 
ities in the X-ray flux are rare within Seyfert galaxies 



Radio mapping of the IC 4329A system has brought 
about some very interesting results also. In a Molonglo 
Synthesis Telescope (MOST) 843 MHz survey of radio 
sources in southern Abell clusters, IC 4329A is s een t o 
possess an apparent radio tail ~ 6' long (Unewisse 1993| ), 
corresponding to a linear size of 110 kpc. This feature 
implies a radio structure larger than any other known 
Seyfert, though it must be stressed that the resolution 
of the MOST observations make it impossible to be cer- 
tain whether the observed feature is associated with the 
galaxy or not. Other significant radio observations include 
those of linger et al. ( |1987D at 1490 MHz (and 4860 MHz), 
where, besides a bright core being visible, an extended 
region of emission is observed extending ~ 6" towards 
IC 4329. This feature may well be associated with the in- 
teraction. Furthermore, Blank & Norris ( |1994D , in a 4" 
resolution 2.3 GHz observation, observed two 10" exten- 
sions emanating from the nucleus. The first is roughly in 
t he sa me direction as the extension seen by Unger et al. 
(119871) . The second, extending to the south-east, perpen- 
dicular to the d ust-la ne of the galaxy, may, according to 
Blank & Norris (1994), be due to a superwind, driven from 
the nucleus. Baum ct al. ( 1993| ) found that the kpc-scale 
radio emission seen in several Seyfert galaxies tended to 
align itself with the systems' minor axes, and they con- 
cluded that circumnuclear starbursts are the most likely 



1.1. Previous X-ray observations 

X-ray emission associated with IC 4329A was first sus- 
pected when Ari el V d etected the steady source 2A 1347- 
300 (Cooke et al. 1978 ). The error box however, con tained 
IC 4329 as well, and it was only later (Delvaille [l978|) 
that the source was identified with IC 4329A. Further 
observations were performed by HE AO 1, both in scan- 
ning (Piccinot ti et a l. 1982|) and pointe d modes (Tennant 
& Mushotzk y [l983| ; Mushotzsky |l984| ), and by HE AO 2 
(Petre et al 



1984). IC 4329A and IC 4329 also appear in 



Fabbiano et al.'s (1992) X-ray catalog and atlas. 



IC 4329A has also been observed (Miyoshi et al. 1988) 



on timescales of seconds to years (Mushotzky 1984), and 
indeed, no significant change in flux or spectral shape 
was seen over the six day Tenma observation. The spec- 
tral shape above 15keV however, an almost flat, rather 
positively-sloped tail (rare for Seyfert 1 galaxies), ap- 
peared to be very different when compared to the HEAO 1 
data (Mushotzky 119841 ). Observations of IC 4329A with 
Ginga (Piro et al. |l990| ) showed a hard X-ray bump above 
8keV, probably produced by absorption or reflection of 
the central emission by a very thick cold medium close to 
the nucleus, an idea supported by the detection of 6.4 keV 
fluorescence lines. 

The ROSAT PSPC data from IC 4329A have been 
published recently in conjunction with the COMPTON 



GRO observations (Madejski et al. 1995, hereafter M95), 
their main result being that IC 4329A's spectrum is com- 
patible with a single power law, of energy spectral index 
1, modified by absorption and reflection extending from 
soft X-rays to 7-rays. What evidence there is of a 7-ray 
spectral break is weak, and in any case, the energy of 
this possible break is both higher than that of NGC 4151 
(Zdziarski et al. 1993| ), and h igher than that of typical 



Seyfert Is (Fabian et al. |1993| ). The i?OS'^T spectrum of 



IC 4329 was also presented, it being well described by an 
optically thin thermal plasma with kT = 0.9 keV. As far 
as the spatial structure obtained with the PSPC is con- 
cerned, M95 describe IC 4329A's X-ray source as being 
consistent with point-like. 

Lastly, ASGA observations of IC 4329A (Cappi et al. 
1996) indicate that the 0.4— lOkeV spectrum is best de- 



scribed by a steep power law spectrum passing through a 
warm absorber, together with a strong reflection compo- 
nent and Fe K line, confirming both the above ROSAT- 



GRO (M95) and separate ASGA (Mushotzky et al. |995|) 
results. Furthermore, as concluded by M95, cold absorp- 
tion in excess of the Galactic value is required by the data, 
consistent with the edge-on nature of the galactic disc. 

The ROSAT X-ray telescope (XRT), with the Posi- 
tion S ensiti ve Proportional Counter (PSPC) (Pfeffermann 
et al. 198(j ) at its focal plane, offers three very impor- 
tant improvements over previous X-ray imaging instru- 
ments (such as the Einstein IPC). Firstly, the spatial res- 
olution is very much improved, the 90% enclosed energy 
radius at IkeV being 27" (Hasinger et al. 1992). Sec- 



with gas scintillation proportional counters aboard the 
Japanese satellite Tenma (Tanaka 1984 ). It had been 



ondly, the PSPC's spectral resolution is very much bet- 
ter {l^E/E ~ 0.4 FWHM at IkeV) than earlier X-ray 
imaging instruments, allowing the derivation of character- 
istic source and diffuse emission temperatures. Lastly, the 
PSPC internal background is very low (^ 3 x 10^^ ct s~^ 
arcmin"^; Snowden et al. 1994), thus allowing the map- 
ping of low surface brightness emission. The High Res- 
olution Imager (HRI) on the other hand, because of its 
excellent spatial resolution (more like 5") and relative in- 
sensitivity to diffuse emission, is an ideal instrument for 
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further investigation into the point source populations (see 
Triimper ( |1992D for a description of the RO SAT satellite 
and instruments). 

Here we report the results of a 15.5 ks ROSAT High 
Resolution Imager (HRI) observation that addresses one 
essential aspect of the X-ray emission from IC 4329A and 
its neighbours that has not been possible until now — that 
of the high resolution spatial properties of the X-ray emis- 
sion. Although, as mentioned above, some aspects of the 
PSPC data have been published (M95), the authors con- 
centrate almost entirely on the spectral properties of the 
individual systems, and no discussion of the spatial prop- 
erties is given. We have therefore performed a thorough 
reanaysis of the 8.3 ks of i?05'^rPSPC data, concentrat- 
ing on the spatial properties and on the existence of any 
extended features. These results are also presented here. 

The plan of the paper is as follows. Sect.^ describes 
the observation and the preliminary data reduction meth- 
ods used. Sect. H discusses the results as regards the point 
source emission, Sect.^ discusses the results as regards the 
remaining unresolved emission, and finally a summary is 
presented in Sect.^. 

2. ROSAT observations and preliminary analysis 
2.1. HRI data 

The field surrounding IC 4329A was observed with the 
ROSAT HRI on the 14th of January 1995 in essentially 
two separate observations for a total 15.5 ks. The data 
appeared essentially very clean, and only 200 seconds of 
data were removed on the basis of very high (> 20 ct s^^) 
and very low (< 1 ct s^^) count rates, and on large values 
of atomic oxygen column density along the line of sight. 

Source detection and position determination were per- 
formed over the full field of view (~ 37' diameter) with the 
EXSAS local detect, map detect , and maximum likelihood 
algorithms (Zimmcrmann et al. 1992). Images of pixel size 
5" were used for the source detection. During the source 
detection procedure, only events detected in the raw HRI 
channels 2—8 were used, thus reducing the UV/cosmic ray 
background. 

Sources accepted as detections were those with a like- 
lihood L >8, and this gave rise to a number of sources. 
Probabilities P, are related to maximum likelihood values 
L, by the relation P= 1 — e"^. Thus a likelihood L of 8 
corresponds to a Gaussian significance of 3.6a (Cruddace 
et al. 1988; Zimmermann et al. 1994). The source search- 



ing algorithms had difficulty in reliably detecting sources 
close to the bright central feature. Sources that were 'de- 
tected' here generally appeared to be extended (i.e. they 
had a large value of extension likelihood) , while possessing 
only a small number of counts. This is very suggestive of 
them being merely spurious features situated in the wings 
of the bright central feature. These sources were excluded 
from the analysis, leaving the 17 listed in Table |l|. 



In an effort to improve the accuracy of the HRI source 
positions, the RA and Dec of five bright sources (H2, H7, 
H15, H16 and H17) were compared with the APM finding 
charts of Irwin et al. (1994). The sources associated with 
the two central galaxies IC 4329A (Hll) and IC 4329 (H5), 
although they appeared to be very coincident, were not 
used in the re-ahgning process, because of the extended 
nature of both their optical and X-ray emission. A very 
small offset of 0.10" in right ascension and 2.1" in decli- 
nation is observed. 

Table |l| lists the 17 detected HRI sources as follows: 
source number (col. 1, prefixed by a 'H ' to distinguish from 
PSPC-detected sources, see Sect. 2^), corrected right as- 
cension and declination (cols .2 and 3), error on the source 
position (col. 4, including a 3.9" systematic attitude solu- 
tion error), likelihood of existence (col. 5), net counts and 
error (col. 6) count rates and errors after applying dead- 
time and vignetting corrections (col. 7), and 0.1— 2.4keV 
flux, assuming a 5 keV thermal bremsstrahlung model 
(col. 8). Count rates of the HRI-detected point sources 
can be converted into fluxes (and into luminosities), as- 
suming other additional spectral models, e.g. thermal 
bremsstrahlung and Raymond & Smith hot plasma mod- 
els (with cosmic abundances) at temperatures of 0.3 keV 
and 3.0 keV. HRI Conversion factors (in units of 10^^^ erg 
cm~^ cts""'^ s~^) for these models, from count rate (in 
s~^) into flux (corrected for Galactic absorption), are as 
follows: Thermal bremsstrahlung: 11.4 (0.3 keV) and 5.3 
(3.0 keV); Raymond & Smith hot plasma: 11.0 (0.3 keV) 
and 5.2 (3.0 keV). As a flnal point, only source H5 is 
flagged as extended (at a likelihood of 173), with a FWHM 
of 12.4". 

Fig. 1 shows the inner 25x25 arcminute fleld of view 
(where all of the 17 sources listed in Table |l| are visible). 
Sources coincident with both IC 4329 A (Hll, with sources 
H9, HIO, H12 and H13 in close proximity) and IC 4329 
(H5) are visible, as is a further bright source (HI), 15' to 
the southwest of IC 4329A. 

To investigate whether any residual, low surface 
brightness emission is visible, an adaptive flltering tech- 
nique was used to create an intensity-dependent smoothed 
image. The signal-to-noise level of low surface brightness 
emission is boosted by smoothing lower and lower inten- 
sity sections of the image using Gaussians of progressively 
larger FWHM. Photons (again, from raw channels 2—8) 
were binned into an image of pixel size 8". Pixels of am- 
plitude 1 (2,3,4,5,6,7,8) were smoothed with a Gaussian of 
FWHM 170"(120,85,60,40,30,20,15)". Pixels of amplitude 
greater than 8 remained unsmoothed, thus ensuring that 
the bright point sources were not smoothed into the back- 
ground regions. The resultant image is shown as a contour 
map overlayed on an optical image in Fig. 2 (the optical 
image is taken from the U.K. Schmidt plate digitised sky 
survey) . 
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Table 1. X-ray properties of point sources detected with the HRI (see text). Tabulated fluxes assume a 5keV thermal 
bremsstrahlung model and a hydrogen column density of iVn = 4.4 x 10^" cm~^ (see text for conversion factors for 
different temperatures/models). 



Source R.A. (J2000) Dec. (J2000) Rerr Lik. Net counts Count rate Fx 

(1) (2) (3) (4) (5) (6) (7) (8) 



HI 


13 48 


44.5 


-30 


29 


47 


4.6 


354.3 


256.4±17.4 


183.2±12.4 


95.4±6.5 


H2 


13 48 


57.8 


-30 


22 


05 


4.2 


128.6 


58.8±8.0 


39.6±5.4 


20.6±2.9 


H3 


13 48 


58.2 


-30 


18 


30 


5.5 


8.4 


7.6±3.2 


5.1±2.1 


2.7±1.1 


H4 


13 48 


59.5 


-30 


22 


10 


4.3 


81.4 


45.1±7.2 


30.3±4.8 


15.8±2.5 


H5 


13 49 


05.2 


-30 


17 


43 


4.1 


314.2 


323.7±19.3 


215.7±12.9 


112.3±6.6 


H6 


13 49 


06.5 


-30 


23 


10 


5.0 


15.0 


13.8±4.2 


9.3±2.8 


4.9±1.5 


H7 


13 49 


10.1 


-30 


20 


46 


4.8 


13.2 


9.9±3.4 


6.6±2.3 


3.4±1.2 


H8 


13 49 


14.3 


-30 


20 


02 


5.3 


8.6 


8.4±3.4 


5.6±2.2 


2.9±1.2 


H9 


13 49 


15.7 


-30 


18 


23 


8.1 


14.8 


22.1±5.8 


14.7±3.8 


7.7±2.0 


HIO 


13 49 


18.8 


-30 


17 


30 


8.2 


11.1 


16.1±5.0 


10.7±3.3 


5.6±1.7 


Hll 


13 49 


19.2 


-30 


18 


34 


3.9 


23751.3 


10577.9±103.1 


7003.2±68.3 


3645.0±35.6 


H12 


13 49 


20.9 


-30 


19 


01 


8.6 


12.8 


28.9±6.8 


19.1±4.5 


9.9±2.3 


H13 


13 49 


21.6 


-30 


18 


34 


9.7 


10.3 


30.3±7.2 


20.0±4.8 


10.4±2.5 


H14 


13 49 


24.0 


-30 


25 


43 


6.3 


8.8 


10.2±3.8 


6.9±2.6 


3.6±1.4 


H15 


13 49 


39.2 


-30 


30 


17 


8.1 


26.5 


39.7±8.0 


28.0±5.6 


14.6±3.0 


H16 


13 49 


39.4 


-30 


16 


23 


4.2 


108.4 


46.0±7.6 


35.1±5.1 


18.2±2.7 


H17 


13 50 


03.7 


-30 


08 


33 


11.3 


21.2 


46.0±9.5 


33.1±6.8 


17.2±3.5 



2.2. PSPC data 

The field surrounding IC 4329A was observed with the 
ROSATVSVG for a total of 8.23 ks, in five separate obser- 
vation intervals between the 12th and the 14th of January 
1993. 

Source detection and position determination were per- 
formed over the full field of view as with the HRI data, 
using the EXSAS local detect, map detect, and maximum 
likelihood algorithms (Zimmermann et al. 1992). As with 
the HRI analysis, it is very doubtful whether many of the 
sources initially detected close to the bright central source, 
associated with IC 4329A, are true detections. Again, as 
with the HRI, those sources close to the bright central 
source with a large value of extension likelihood and a low 
number of counts were excluded from the analysis, leaving 
22 sources. 

As with the HRI analysis, an effort was made to correct 
the attitude solution. Comparisons were made between the 
positions of 4 bright point sources (P 3, Pll , P12, P14) and 
the APM finding charts (Irwin et al. 1994 ). The positions 
of the bright sources associated with the central galax- 
ies were not used in the re-aligning, on account of their 
extended nature. An offset (purely in the north-south di- 
rection) of 7" is seen. 

22 sources were detected with a likelihood L >10 over 
the entire PSPC field of view. The 17 sources detected 
within the central 30'x30' area are listed below in Ta- 
ble ^ as follows: source number (col. 1, prefixed by a 
'P' for PSPC), corrected right ascension and declination 
(cols. 2, 3), error on the source position (col. 4, including a 



3.9" systematic attitude solution error), likelihood of ex- 
istence (col. 5), net counts and error (col. 6) count rates 
and errors after applying deadtime and vignetting correc- 
tions (col. 7), and the (0.1— 2.4keV) flux, assuming a 5keV 
thermal bremsstrahlung model (col. 8). The only source 
flagged as extended is P6 (corresponding to HRI source 
H5; see Table |]), at a likelihood of 186, and with a FWHM 
of 45.8". 

Fig. 3 shows a broad band (channels 8—235, corre- 
sponding approximately to 0.08— 2.35 keV) contour image 
of the central region close to the centre of the fleld of view. 
All of the sources listed in Table ^ are visible including 
sources associated with both IC 4329A (P8) and IC 4329 
(P6). Also shown in Fig. 3 are three smaller images, again 
showing the central emission, selected over three sepa- 
rate spectral bands — the 'soft' band (channels 8—41), 
the 'hard 1' band (channels 52—90) and the 'hard 2' band 
(channels 91-201). 

Comparison of Fig. 3 with Fig. 1 shows many sources 
visible in both the HRI and in the PSPC fields of view. 
Of the 9 HRI sources with a high value (> 15) of detec- 
tion likelihood, every one has a PSPC counterpart. The 
converse is also true; all 8 of the PSPC sources with de- 
tection likelihoods greater than 27 (that lie within the 
HRI field of view), have a HRI counterpart. We can be 
very confident therefore, that all of these features are gen- 
uine point sources. The joint HRI/PSPC properties of 
these bright sources, that we concentrate on below, are 
summarised in Table |^ as follows: HRI source number 
(col. 1), PSPC source number (col. 2), offset (in arcsec) be- 
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Fig. 1. Grey-scale image of the X- 
ray flux seen with the ROSAT HRI 
over the central 25x25' field. The 
image was constructed with a pixel 
size of 2", and smoothed with a 
Gaussian of FWHM 10". The point 
sources, as given m Table 0, are en- 
closed by boxes and numbered. 



tween the (attitude-corrected) HRI and PSPC positions 
(col. 3), count rates and errors, after applying deadtime 
and vignetting corrections, for the HRI (col. 4), the PSPC 
(col. 5), and the PSPC analysis of M95 (col. 6, - note that a 
different technique has been used here - see M95). Fluxes, 
corrected for Galactic absorption, are given in col. 7 (HRI) 
and col. 8 (PSPC) assuming in both cases a 5 keV thermal 
bremsstrahlung spectrum. It may appear that some dis- 
crepancy exists between the PSPC- and HRI-calculated 
fluxes, especially in the brighter sources. This could be due 
either to time variability (discussed in the next section) or 
to the assumption of the wrong spectral model (discussed 
in Sect.^. The final column (col. 9) of Table ^ gives the 
nearest bright optical c ounte rpart, using the APM finding 
charts of Irwin et al. ( |l994[) ; type (S— stellar, G— galaxy, 
F— faint), B magnitude, and offset (from the HRI position) 
in arcsec. 

2. 3. Time variability study of point sources 

A time variability study was performed for all of the 
sources detected in either the ROSAT HRI and PSPC 
fields of view, with special attention paid to the nine 
brightest sources (eight in the PSPC - see above) detected 
with both instruments. 

For the HRI-detected sources, the complete observa- 
tion was binned into five observation blocks (of between 
2 and 4ks). A maximum likelihood search at the source 



positions given in Table y was performed for each of the 
five observation blocks, the vignetting and deadtime cor- 
rected count rates (and errors) calculated within a cut 
radius of 1.5 x the PSF FWHM at the source positions. 
Where a source was not detected with a likelihood L > 3.1 
(corresponding to a Gaussian significance of 2a), a 2a up- 
per limit to the count rate was calculated. An essentially 
identical procedure was followed for the PSPC data, the 
observation binned again into five observation blocks (of 
~ 1.6ks each). A cut radius of 2.5x the PSF FWHM was 
used. For the very bright source IC 4329A, the timing 
analyses described above were repeated for both the HRI 
and PSPC data, the observations being binned into 40 
observation blocks. 

Figs. 4 and 5 shows the results of this analysis for 
all the sources (except for the bright IC 4329A source) 
detected with both the HRI and the PSPC (Fig. 4 shows 
the results for the HRI, Fig. 5 for the PSPC). The layout 
of the figures is such that the coincident sources appear 
at the same position (hence H2 and H4 being coincident 
with P6). The results of the timing analysis for IC 4329 A 
are shown in Fig. 6 (both HRI and PSPC). 

Note that we are here interested in variations in the 
count rate from these sources, and not in the absolute val- 
ues of these count rates, as these have been calculated ear- 
lier (Table 3). Hence we have been able to use small cut 
radii to avoid contamination from neighbouring sources 
and concentrate at the very centres of each source. Dif- 
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Fig. 2. ROSAT HRI map of the 
IC 4329A field obtained using an 
adaptive filtering technique (see 
text), overlayed on a digitized sky 
survey image. Only channels 2—8 
are used. The contour levels are 
at 2, 3, 5, 9, 15, 31, 63, 127, 
255, 511, 1023 and 2047cr [a being 
1.0 X IQ-^cts s"^ arcmin"^) above 
the background (12.9 x 10-^cts s"^ 
arcmin"^). 

Table 2. X-ray properties of point sources detected with the PSPC (see text). Tabulated fluxes assume a 5 keV thermal 
bremsstrahlung model and a hydrogen column density of N^i = 4.4 x 10^" cm"^ (see text for conversion factors for 
different temper atures/models). 



Source 


R.A. (J2000) 


Dec. (J2000) 




Lik. 


Net counts 


Count rate 


Fx 






m 


(° 


' ") 


(") 






(10-3 s-i) 


(10-14 J^) 


(1) 




(2) 




(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


PI 


13 


48 37.0 


-30 


13 10 


12.3 


20.2 


26.6±6.5 


3.4±0.8 


6.3±1.5 


P2 


13 


48 42.9 


-30 


13 13 


16.3 


12.6 


18.1±5.6 


2.3±0.7 


4.3±1.3 


P3 


13 


48 44.9 


-30 


29 42 


4.6 


1767.4 


697.6±27.3 


94.2±3.7 


175.6±6.9 


P4 


13 


48 58.6 


-30 


22 07 


6.9 


151.9 


111.4±11.7 


14.1±1.5 


26.3±2.8 


P5 


13 


49 03.0 


-30 


19 35 


19.1 


18.7 


42.9±8.9 


5.4±1.1 


10.1±2.1 


P6 


13 


49 05.6 


-30 


17 46 


5.1 


1273.4 


647.2±26.7 


81.4±3.4 


151.7±6.3 


P7 


13 


49 07.0 


-30 


22 58 


8.8 


37.7 


35.4±7.0 


4.5±0.9 


8.4±1.7 


P8 


13 


49 19.4 


-30 


18 36 


3.9 


26484.9 


21889.8±352.2 


2746.4±44.2 


5118.3±82.4 


P9 


13 


49 28.6 


-30 


17 39 


15.4 


16.1 


29.4±7.0 


3.7±0.9 


6.9±1.7 


PIO 


13 


49 30.4 


-30 


18 43 


14.8 


10.1 


16.7±5.4 


2.1±0.7 


3.9±1.3 


Pll 


13 


49 38.9 


-30 


30 14 


12.9 


29.7 


39.7±7.8 


5.3±1.0 


9.9±1.9 


P12 


13 


49 39.4 


-30 


16 22 


6.1 


158.3 


100.0±10.9 


12.7±1.4 


23.7±2.6 


P13 


13 


49 56.5 


-30 


10 30 


17.3 


10.4 


17.8±5.6 


2.4±0.7 


4.5±1.3 


P14 


13 


50 04.0 


-30 


08 39 


10.4 


58.2 


60.2±9.1 


8.2±1.2 


15.3±2.2 


P15 


13 


50 18.0 


-30 


07 54 


21.5 


13.1 


25.7±6.9 


3.6±1.0 


6.7±1.9 


P16 


13 


50 18.7 


-30 


26 06 


15.9 


21.6 


35.1±7.7 


4.8±1.1 


8.9±2.1 


P17 


13 


50 30.7 


-30 


10 43 


23.7 


11.8 


25.8±7.2 


3.7±1.0 


6.9±1.9 
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Fig. 3. ROSAT PSPC maps of the IC 4329A field in the broad (channels 8—235, corresponding approximately to 
0.08— 2.35 keV) band (main picture) and in the soft (channels 8—41), hard 1 (channels 52—90) and hard 2 (channels 
91—201) bands (three smaller pictm'es). The contour levels in each figure are at 2, 3, 5, 9, 15, 31, 63, 127, 255, 511, 
1023, 2047 and 4095ct (ct being 1.25 x lO'^ (broad), 1.49 x lO'^ (soft), 7.29 x lO""* (hard 1) and 1.42 x lO'^ (hard 2) 
cts s-i arcmin-2) above the background (2.81 x 10"^ (broad), 3.40 x 10""* (soft), 5.41 x lO"'' (hard 1) and 8.04 x lO"'' 
(hard 2) cts s^^ arcmin^^). Source positions, as given in Table ^ are marked on the broad band image. 



ferences in the calculated count rates between these two 
methods appear to be negligible, except in the HRI cases 
involving the very bright, extended sources, where reduc- 
tions in count rate, from those given in Table 3, can be 
seen. This is to be expected, given the methods involved. 

It appears that little in the way of any temporal vari- 
ability exists for any of the bright sources (including that 
associated with IC 4329A) , and this is borne out by fitting 
the light curves to constant flux values. Lightcurve H2, in 
fact, shows the largest deviation from consistency, a con- 
stant flux level fitting the data with a reduced of 2.6. 
The H2 lightcurve therefore is variable only at the 2. la- 
significance level (or at likelihood of 3.42). Thus no sig- 
nificant variability is observed within any of the detected 
sources. 



3. Results and discussion - the point sources 



3.1. The bright point sources - IC 4329A, IC 4329 & 
H1-P3 

The three bright sources visible in the IC 4329A field are 
all especially interesting. II1-P3 is bright, shows marginal 
evidence for extension in the PSPC (though the fact that 
no evidence for extension is seen in the HRI data implies 
that the source is truly unresolved) and appears associated 
with a quite bright (B magnitude = 16.5) star-like object, 
some 2.9" distant. H5-P6 is also very bright, appears to be 
significantly extended (both in the PSPC and HRI data), 
and is associated with the giant elliptical galaxy IC 4329. 
Finally, H11-P8 is extremely bright, showing a great deal 
of structure, and is undoubtedly due to the Seyfert galaxy, 
IC 4329A. 

It is worth noting again here that an analysis of the 
PSPC data (in conjunction with COMPTON GRO ob- 
servations) has already been published by Madejski et al. 
( 1995D (M95). They deal however, almost exclusively with 
the spectral properties of IC4329A (plus those of IC 4329 
and H1-P3, or as they call it, S3), and so, in the discussion 
that follows, many of the results we present have not been 
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Table 3. X-ray properties of point sources detected with both the HRI and the PSPC (see text). Tabulated fluxes for 
both the HRI and PSPC assume a 5 keV thermal bremsstrahlung spectrum, assuming a hydrogen column density of 
TVh = 4.4 X 10^° cm^^. Note that for H1-P3, H5-P6 and H11-P8, further detailed spectral analysis has been performed 
(see Scct.||). Note also that the PSPC source P4 is resolved by the HRI into two separate sources, H2 and H4. 



HRI 


PSPC 


sep. (") 


Count rate (10 


3s-i) 


Fx (10-" erg 


cm ^ s ^) 


Identification 


ident. 


ident. 




(HRI) 


(PSPC) 


(PSPC; M95) 


(HRI) 


(PSPC) 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


HI 


P3 


7.2 


18.3±1.2 


94.2±3.7 


86.0±6.0 


95.4±6.5 


175.6±6.9 


S (16.5) 2.9" 


H2 


P4 


10.6 


3.9±0.5 


14.1±1.5 




20.6±2.9 


26.3±2.8 


S (10.7) 1.9" 


H4 


12.1 


3.0±0.5 




15.8±2.5 


F (20.8) 12.0" 


H5 


P6 


6.0 


21.6±1.3 


81.4±3.4 


81.0±4.0 


112.3±6.6 


151.7±6.3 


(G) IC 4329 


H6 


P7 


13.6 


0.9±0.3 


4.5±0.9 




4.9±1.5 


8.4±1.7 


S (19.9) 3.4" 


Hll 


P8 


3.3 


700.3±6.8 


2746.4±44.2 


2650.0±20.0 


3645.0±35.6 


5118.3±82.4 


(C) IC 4329A 


H15 


PU 


4.9 


2.8±0.6 


5.3±1.0 




14.6±3.0 


9.9±1.9 


S (18.9) 2.0" 


H16 


P12 


1.0 


3.5±0.5 


12.7±1.4 




18.2±2.7 


23.7±2.6 


S (17.6) 1.9" 


H17 


P14 


7.1 


3.3±0.7 


8.2±1.2 




17.2±3.5 


15.3±2.2 


S (14.7) 2.2" 



Fig. 4. ROSAT ERI lightcurves of 
the eight bright point sources de- 
tected with both the HRI and the 
PSPC (excluding IC 4329A) from 
Table ||. Observation times are 1.5, 
4.1, 4.1, 3.9, and 1.7ks. Count rates 
are shown by filled squares with la 
error bars, and 2a upper limits are 
shown by open squares. Dashed lines 
indicate the average count rate cal- 
culated over the complete observa- 
tion. 



addressed by M95, and are new, though we do compare 
the results of our spectral analysis with those of M95. 

As in M95, spectra of all three bright objects 
(IC 4329A, IC 4329 and H1-P3) were analysed. Spectra 
were extracted for all three objects from within circles of 
1.7' (for IC 4329A and IC 4329) and 3' (for H1-P3) at the 
position of each source (we note that an extraction radius 
of 3' for IC 4329A, as used in M95, is hkely to be too 
large, given that this is approximately the distance be- 
tween IC 4329 A and IC 4329). Background spectra were 
extracted as follows: for IC 4329A, from an annulus 6.6' to 
9.1' from IC 4329A, thus avoiding contamination from any 
other bright features; for IC 4329, from a 1.7' radius cir- 
cle situated equidistant, on the opposite side of IC 4329A, 
thus ensuring that contamination from the very bright 
central source could be removed; and for H1-P3, from a 
3' to 5.5' annulus centred on H1-P3, again avoiding any 
bright features. 

The three background-subtracted spectra, once cor- 
rected for exposure and vignetting effects, were fitted with 



standard spectral models (thermal bremsstrahlung, power 
law, blackbody and Raymond & Smith ( 1977 ) hot plasma 
models). A number of extra, more complex models have 
been attempted as regards the IC 4329A spectrum, as 
in M95, and the results of all the best fits are given be- 
low in Table ^ as follows: Source (col. 1), spectral model 
(whether PL - power law plus absorption, BB - blackbody 
plus absorption, PL/E - power law plus absorption and 
an edge, RS Raymond & Smith hot plasma plus absorp- 
tion) (col. 2), fitted A'h (col. 3), fitted spectral index F, 
where F cx (col. 4), fitted temperature (kT, in keV) 
(col. 5) (Note here that in the case of the PL/E model, this 
column gives the edge energy in keV). The next columns 
give the metallicity (solar, where an 'F' indicates that the 
value has been frozen) (col. 6), the reduced (col. 7), and 
three values of the (0.1— 2.4kcV) luminosity (cols. 8-10). 
Two values of luminosity as calculated using the PSPC re- 
sults are given; one (col. 8) gives the 'intrinsic' luminosity 
of the source (i.e. correcting for the total Nn), the sec- 
ond (col. 9) gives an 'emitted' luminosity (i.e. correcting 
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Fig. 5. ROSATPSPC lightcurves of 
the seven bright point sources de- 
tected with both the HRI and the 
PSPC (excluding IC 4329A) from 
Table ||. Observation times are 1.6, 
1.6, 1.6, 1.7, and 1.8 ks. Count rates 
are shown by filled squares with la 
error bars, and 2a upper limits are 
shown by open squares. Dashed lines 
indicate the average count rate cal- 
culated over the complete observa- 
tion. 



Fig. 6. ROSAT HRI (top) and 
PSPC (bottom) lightcurves of 
IC 4329A. The Observations were 
split into « 400 s (HRI) and w 200 s 
(PSPC) bins. Count rates are shown 
by filled squares with la error bars, 
and the dashed lines indicate the 
average count rate calculated over 
the complete observation. 



merely for the Galactic A'h). The final luminosity column 
(col. 10) gives the intrinsic (0.1— 2.4keV) luminosity, us- 
ing the count rate observed with the HRI, and calculating 
the fluxes, assuming identical spectral models as inferred 
from the PSPC data. All luminosities are calculated for 
an assumed distance of 64 Mpc (which is almost certainly 
incorrect in the case of H1-P3, as discussed below). 

Although no thermal model (whether a Raymond & 
Smith hot plasma model or a thermal bremsstrahlung 
model) is able to fit the IC 4329A data adequately, a sim- 
ple power law model does gives quite an acceptable fit, 
the fitted parameters agreeing well with M95 and with 
Rush et al. (199^). However, as in M95, close inspec- 
tion of the residuals does suggest an edge-like feature at 
around 0.7 keV. Incorporating this edge into the model 
does improve the fit (the data and residuals are shown in 
Fig. 7), and we are able to reproduce the best-fit results of 
M95 very accurately. Firstly, a photon index of 1.73±0.33 
is suggested, consistent with M95, with the Ginga data 



(Piro et al. 1990; F iore e t al. 1992), and with the ASCA 



data (Cappi et al. [19961) . Secondly, the edge feature at 
0.72±0.07keV is found at exactly the same energy as in 



M95. As M95 suggest, the energy of this edge is inconsis- 
tent with that expected if there were a neutral absorber 
present, and this strongly suggests the presence of an ion- 
ized absorber (Ovi, Ovii). Further modelling, to address 
the question of the true nature of this absorber, is possible. 
However, because of the modest spectral resolution of the 
PSPC, one cannot distinguish between different models, 
i.e. between an ionized absorber model, a partial cover- 
ing by neutral material model, and a high column cold 
absorber model (see M95 for a detailed discussion). 

It is worth noting that the inferred A^h, 
27.9x 10^" cm^^, is substantially larger than the Galactic 
A^H in the di rectio n of IC 4329 A (4.4x 10^° cm^^; Dickey 
& Lockman 1990| ), indicating the presence of a large 
intrinsic absorption. This is not too surprising given 
the edge-on nature of the galaxy. In their study of the 
soft X-ray properties of Seyfert gala xies in the ROSAT 
All-Sky Survey, Rush et al. (|l996|) also find a very 
significant excess in the best fit A'h- 

The intrinsic (0.1-2.4keV) luminosity of IC 4329A, 
6.3x10'*^ erg s'-^, is very large, within the t op 10% or so 



of the Seyferts within the Rush et al. ( |1996D All-Sky Sur 
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Table 4. Results of the best model fits to the IC 4329A, IC 4329 and HI-PS spectra (see text). Models are: PL (power 
law plus absorption), BB (blackbody plus absorption), PL/E (power law plus absorption and an edge), RS (Raymond 
& Smith hot plasma plus absorption). In the case of the PL/E fit, the temperature kT refers to the temperature of 
the edge. Three (0.1— 2.4keV) luminosities are tabulated. One, the intrinsic PSPC luminosity of the source, two, the 
Galactic iVn-corrected (i.e. emitted) PSPC luminosity (Galactic TVh = 4.4 x 10^*^ cm~^), and lastly, the intrinsic HRI 
luminosity, using the HRI count rates in conjunction with the models suggested by the PSPC data. 



Source 


Model 




Photon 


kT 


Z 


red.x^ 




Lx (lO^'^erg 








10^0 cm-2 


Index 


(keV) 


(Solar) 




(Intrinsic) 


(Emitted) 


HRI (Intrinsic) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


IC 4329A 


PL 


22.7±3.3 


1.28±0.12 






1.1 


41.6±0.7 


23.7±0.4 


29.0±0.3 




BB 


7.5±0.1 




0.52±0.02 




1.1 


23.8±0.4 


22.8±0.4 


16.6±0.2 




PL/E 


27.9±5.1 


1.73±0.33 


(0.72±0.14) 




0.9 


63.0±1.0 


23.4±0.4 


43.0±0.5 


IC 4329 


RS 


2.7±1.2 




1.08±0.06 


1.0(F) 


1.3 


0.64±0.02 


0.64±0.02 


0.53±0.03 




RS 


4.3±1.6 




1.07±1.07 


0.4±0.2 


1.3 


0.79±0.03 


0.79±0.03 


0.61±0.04 


H1-P3 


PL 


3.2±1.3 


2.35±0.33 






1.4 


1.04±0.04 


1.04±0.04 


0.67±0.05 



Fig. 7. IC 4329A spectrum with the best-fit power-law 
plus absorption edge model (see Table ^). The pulse 
height spectrum of the total X-ray emission is indicated 
by crosses, and the fit, by the solid line. 

vey sample. It is an extremely luminous galaxy, and an 
extremely luminous Seyfert galaxy as well. 

The IC 4329 spectrum on the other hand, is only fit- 
ted adequately well by a thermal (Raymond & Smith 



hot plasma) spectrum. The best fit, while keeping the 
metallicity frozen at solar, results in a well-constrained, 
1.08±0.06keV spectrum, absorbed by a column of 
2.7(±1.2) 

X 10'^° cm~^, a column consistent with (though on the low 
side of) the Galactic value. This result is entirely con- 
sistent with M95. Fitting of the spectrum while letting 
the metallicity optimize, gives a column entirely consis- 
tent with the Galactic value and a low (0.4±0.2 solar) 
metallicity, though the fitted temperature is less well con- 
strained than in the frozen-mctallicity case. The intrinsic 
(0.1-2.4keV) luminosity of IC 4329, 7.9x10^1 erg s"\ is 
somewhat higher than average when compared to optically 
similar systems (Fabbiano et al. 1992). The fitted temper- 
ature is entirely consistent with that of ellipticals, ASCA 
observations resulting in temperatures for several early- 
typ e gal axies of between 0.7 and 1.2 keV (Matsushita et 



al. [I994t Rangarajan et al. |1995| ). Similarly, the low fit 



ted metallicity appears to be consistent with ellipticals, 
high-resolution studies with ASCA revealing abundances 
< 0.5 solar in several cases (Loewenstein et al. 1994 ; Mat- 
sushita et al. 



19941) 



The H1-P3 spectrum is best fit with a power law model 
of photon index 2.35±0.33, absorbed by a column of 3.2(± 
1.3) X 10^°cm~^, consistent with that out of our own 
Galaxy. It is almost certainly due to a background quasar, 
given the facts that it is unresolved in the HRI data, it 
appears coincident with a quite bright (B mag = 16.5) 
star-like object, and it has a spectrum consistent with 
that of quasars (power law with photon indic es in the 
ra nge 2. 2±G.2; Branduardi-Raymont et al. l994 ; Roche et 
al. |1995[) . 

Finally, note that, in Table ^, it appeared that, in the 
cases of these bright sources, the inferred HRI and PSPC 
fluxes did not agree particularly well. This could have 
been attributable to time-variability or the assumption 
of the wrong spectral model. We have already seen how- 
ever (Figs. 4—6) that none of these sources appear to be 



11 



particularly time- variable in either the HRI or the PSPC, 
and usage of the correct spectral model, as has been done 
here, has only really aided the situation in the case of 
IC 4329, and then, only slightly. In the case of H1-P3, it is 
possible that the source has varied between the HRI and 
PSPC observations. The fact that the object is very likely 
to be a QSO or background AGN adds some credence to 
this. Also bare in mind that the quality of fit to the HI-PS 
PSPC spectra is not excellent, the reduced being only 
1.4. In the case of IC 4329A and IC 4329, the situation 
is rather intriguing. Both sources appear extended how- 
ever, and this will lead to a reduction in the calculated 
HRI count rates, compared to the PSPC count rates. Fur- 
thermore, IC 4329A is extremely bright, accentuating the 
above effect. Finally, as may be the case (Fig. 2), and is 
discussed in detail later, if there were a large amount of 
low-surface brightness, diffuse emission in the vicinity of 
these two galaxies, this could very well lead to a reduction 
in the HRI count rates compared to the PSPC count rates, 
the HRI being relatively far less sensitive to this type of 
emission than the PSPC. 

3.2. The secondary point sources 

Moving on to the remaining point sources, many interest- 
ing results have been obtained. Feature P4, for instance, 
appears elongated in the east-west direction in the PSPC 
image (Fig. 3). The HRI is able to resolve this feature 
into two separate, equally bright sources (H2 and H4), 
the more western of which (H2) appears coincident with 
a bright stellar-like object, with a B magnitude of 10.7. 
The apparent optical counterpart to H4 (not seen in the 
APM finding charts of Irwin et al. ( 1994 )) is much fainter 
(B=14.7, see Fig.8(left)). What is rather striking though, 
is that, what appears to be a 'twin' of H2/4-P4 can be seen 
on the opposite side of IC 4329A, at an extremely similar 
projected distance from the bright central galaxy. This 
source, H16-P12, appears coincident with a rather faint 
(B=17.6) stellar-like object, less than 2" west of HRI po- 
sition (Fig.8(right)). The positioning of these two sources 
with respect to the central bright galaxy, IC 4329A, is 
both unusual and intriguing. 

On July 6, 1997, during an observing campaign at 
the 2.2m ESO/MPG telescope at La Silla observatory, 
we obtained spectra of these optical candidates using the 
EF0SC2 spectrograph with grism #4, a 2"-wide long slit 
and the 2048 x 2048 IS/im LORAL CCD. This gave a dis- 
persion of 2 A per pixel, a spectral coverage of 4100-7500 
A, and a spectral resolution of 12 A FWHM. The seeing 
was typically 1.5". The data were reduced according to 
the procedure given in Pietsch et al. ( 1998 ) . 

Through these optical observations, we have estab- 
lished that all three sources have nothing at all to do 
with IC 4329A, and are in fact Galactic foreground or 
background objects. Sources H2 and H4 to the south-west, 
when compared with Jacoby et al.'s (1984) library of stel- 



lar spectra, appear to be foreground stars of types G3 V 
and M5 V respectively. Furthermore, the north-eastern 
source looks to be a background quasar with a redshift of 
0.5430 ± 0.0005. The HRI count rates measured are con- 
sistent with the X-ray fluxes expected from these source 
classes. 

All of the remaining non-bright sources appear to have 
very close (< 3.5") optical counterparts, the brightest of 
which is that associated with H17-P14 (B=14.7). 

4. Results and discussion - the unresolved 
emission 

What is very evident from Fig. 3 is that there appears 
to be a great deal of unresolved emission enveloping the 
sources associated with the two central galaxies, IC 4329A 
(PIO) and IC 4329 (P8). As seen earlier, this is not seen at 
first with the HRI (Fig. 1), though becomes strikingly clear 
when an adaptive filtering technique is applied (Fig. 2). 
The fact that this emission is very obvious in the unfil- 
tered PSPC data, though this fact is not mentioned in 
M95, is very encouraging, and to investigate this aspect 
of the X-ray emission further, a similar filtering technique 
was applied to the PSPC data. An image (of pixel size 
15", and over the broad 11-235 range) was formed, and 
sections of the image were smoothed using progressively 
larger Gaussians for lower intensity pixels. Pixels of am- 
plitude 1 (2,3,4,5,6,7,8) were smoothed with a Gaussian 
of FWHM 320" (225,160,115,80,55,40,30)". Again, pixels 
of amplitude greater than 8 remained unsmoothed, to en- 
sure that the bright point sources were not smoothed into 
the background. The resultant image is shown in Fig. 9. 
Again, as in the adaptively smoothed HRI image, a great 
deal of unresolved emission is apparent, extending to a 
much greater radius than is seen in the equivalent HRI 
image (9' compared to 5'). This is not too surprising, even 
taking into account the factor of '--^ 2 deficit in exposure 
times, as the PSPC is far more sensitive to low surface 
brightness diffuse emission than the HRI. 

As the PSPC has some spectral resolution, we are able 
to investigate the spectral properties of this unresolved 
emission. What was immediately apparent though, be- 
fore any rigorous spectral fitting (as described later) was 
performed, was that this unresolved emission appeared 
markedly two-component. It was decided at first to inves- 
tigate the spatial properties of these two components, to 
try and ascertain their distributions. 

4.1. The unresolved emission - spatial properties 

This two component nature is apparent in Fig. 10. Shown 
are two images, each essentially the same as Fig. 9, 
but extracted from two separate energy bands, the first 
(soft), extracted from channels 8—41, the second (hard) 
extracted from channels 52—201. In both cases, im- 
ages with 15" resolution were formed and these im- 
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Fig. 8. Contours of HRI emission overlayed onto optical digitized sky survey images for the H2/H4 field (left) and 
the H16 field (right). The X-ray image has been smoothed with a Gaussian filter of 10" FWHM, and the contours 
correspond to 0.0625 and 0.1875 cts arcsec"^. 



ages were smoothed using progressively larger Gaus- 
sians for lower intensity regions. Pixels of amplitude 1 
(2,3,4,5,6,7,8) were smoothed with a Gaussian of FWHM 
320" (225,160,115,80,55,40,30)", and pixels of amplitude 
greater than 8 were not smoothed, ensuring that the bright 
point sources were not smoothed into the background). 

The results of this procedure are really rather strik- 
ing, and the two components, the soft and the hard com- 
ponents, show remarkably different properties. The soft 
component is dominated by IC 4329A and the bright HI- 
PS source to the south-west. Strong features are also seen 
associated with IC 4329, with the two outlying sources, 
H2/4-P4 and H16-P12, and with H15-P11. The unresolved 
soft emission though, which is what we are here most in- 
terested in, appears almost entirely to the south-east of 
the bright IC 4329A source, in a roughly semi-circular dis- 
tribution, 'centred' on IC 4329A, and extending out past 
the two outlying sources H2/4-P4 and H16-P12. The emis- 
sion appears far from uniform, containing much structure, 
notably in the south-east direction, perpendicular to the 
IC 4329A disc (and to the line joining the two outlying 
sources to IC 4329A). Some evidence exists for a similar 
(though very much smaller) extension to the north-west 
of IC 4329A, though much of this emission may be due to 
IC 4329. 

As regards the hard emission, many sources, notably 

IC 4329A, IC4329, H1-P3, and the two outlying sources, 
appear as strong sources. The unresolved hard emission 
however, appears markedly different to the unresolved soft 
X-ray structure. Firstly, it extends not only to the south- 
east, as the soft component does, but also to the north- 



Fig. 9. i?O5'^T(0.1-2.4keV) PSPC map of the IC 4329A 

field obtained using an adaptive filtering technique (see 
text), overlayed on a digitized sky survey image. The con- 
tour levels are at 2, 3, 5, 9, 15, 31, 63, 127, 255, 511, 1023 
and 2047(7 (cr being 8.3 x 10~^ cts s"-'^ arcmin"^) above 
the background (1.3 x 10~'^cts s~^ arcmin"^). 



west, and appears roughly circular in nature. Furthermore, 
in contrast to the soft component, it appears rather uni- 
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form and smooth, with httle in the way of substructure. 
Interestingly, and as discussed later, the hard component 
is not centred on IC 4329A, but instead appears to be cen- 
tred somewhere between the IC 4329A/IC 4329 pair. Also 
of note is the fact that this emission is seen to envelope 
two further galaxies within the galaxy group mentioned 
in the introduction. These two galaxies, IC 4327 to the 
north-west of the IC 4329A/IC 4329 pair, and NGC 5298 
to the south-west, can be seen at the edge of the hard 
unresolved emission (Fig. 10). 

Structure in the unresolved emission is evident also in 
the HRI data. Fig. 11 shows contours of HRI X-ray emis- 
sion superimposed on an optical image of the two central 
galaxies. A 3" resolution image was extracted from the 
HRI channel range 6—11, and smoothed with a Gaussian 
of FWHM 7". Firstly, as regards the above discussion, sig- 
nificant emission, in what appears to be in the form of a 
'bridge' (with a curious northern plume), is seen connect- 
ing the two galaxies. Secondly, with regard to the emission 
surrounding IC 4329A, there appears to be an elongation 
along the disc, pointing towards the two outlying sources, 
one of which, H2/4-P4, can be seen at the bottom-right 
of Fig. 11. Also, there appears to be good evidence for an 
extension perpendicular to the IC 4329A disc, especially, 
as seen in the PSPC soft band image above, to the south- 
east. Lastly, as regards IC 4329, the curious spiral-arm-like 
structure to the X-ray emission is very intriguing. 

4-. 2. The unresolved emission - spectral properties 

It appears therefore, that the unresolved emission within 
the IC 4329 A/IC 4329 system is two-component, and 
this two component nature varies across the system, the 
area to the north-west of the IC 4329A disc being hard, 
the area to the south-east, being hard also, but with a 
very significant soft component contribution. This north- 
west/south-east divide was used to investigate the spec- 
tral properties of the unresolved emission. Several unre- 
solved emission spectra were extracted, both from the 
north-west (NW) and the south-east (SE) side, a line 
through the centre of IC 4329A, at an angle (anticlock- 
wise from north) of 56° (so that it approximately fol- 
lowed both the IC 4329A disc and the line joining the 
two outlying sources to IC 4329A), used to separate the 
two halves. Two main spectra (NW and SE) were ex- 
tracted from half-annuli centred on IC 4329A, with inner 
radii of 2.25' and outer radii of 11.7', and were binned to 
give a signal-to-noise ratio of approximately six in each 
channel. These two spectra were each further subdivided 
into three concentrically-extracted spectra, with inner and 
outer radii of 2.25'-5' (NWl and SWl), 5'-8.25' (NW2 
and SW2) and 8.25'-11.7' (NW3 and SW3). These six 
sub-spectra were each binned to give a signal-to-noise ra- 
tio of approximately five in each channel. In the extrac- 
tion of each of these 8 total spectra, data associated with 
each of the sources were excluded to a radius of 1.5'. A 



background spectrum, free of unresolved emission, was ex- 
tracated from a 15'— 18.25' annulus, data associated with 
the sources excluded to a radius of 2'. Once these spec- 
tra were corrected for background and exposure time, it 
was possible to gauge the soft and hard-band contribu- 
tions within each area. In the north-west, the percentage 
of counts in the soft (0.1— 0.5keV) band, compared to the 
total (0.1— 2.4keV) number of counts, is seen to be low 
(w 8.5%) and constant (to within ~ 3%) for each of the 
three spectra (NWl, NW2, NW3). In the south-east how- 
ever, the soft band contribution is seen to rise sharply from 
19.7% for the inner-extracted spectrum (SEl), through 
34.8% for SE2, to 53.6% for SE3. 

As in the fitting of the point source spectra, spec- 
tral models were fitted to these unresolved emission spec- 
tra. Dealing first with the north-west spectra, power-law, 
and Raymond & Smith hot plasma models were first at- 
tempted, and the results of the best fits are summarized in 
Table § As can be seen, power-law models (cols. 2-6) are 
able to fit not only the NW spectrum, but also the three 
separate NWl, NW2 and NW3 spectra, very well, with 
reduced x^s of less than unity (in fact more like 0.5 in ev- 
ery case, apart from NW2). Though the resulting param- 
eters at first appear rather different, the errors are rather 
large, and the spectral fit parameters are quite consistent 
with one another, i.e. the north-western spectrum appears 
to remain constant with radius. Fig. 12 (left) shows the 
99%, 95% and 68% confidence contours in the absorbing 
column— spectral index plane for the power-law fit to the 
full NW spectrum (i.e. Table |[ row 1). 

One should note here the bottom four power law fits, 
given in Table the implications of which are discussed 
more fully later. Here, an attempt has been made to see 
how consistent the NW spectra are with the spectrum 
of the bright central source IC 4329A. Upon freezing the 
absorption column at the value obtained in the fitting of 
the IC 4329A spectrum (22. 7x 10^° cm'^, see Table |), the 
quality of each fit is seen to remain very good. The values 
obtained for the spectral index however, though consistent 
with each other, are somewhat higher than the IC 4329A 
value. 

Moving on now to the Raymond & Smith hot plasma 
model fits to the NW spectra (cols. 7-11), the quality of 
the fits is again good, in the majority of cases. The ab- 
sorbing column appears to be small and is consistent with 
the Galactic value in every case. Unfortunately, as regards 
the temperature, little definite information can be gleaned 
from these results, whether the absorbing column is left 
to optimize or is frozen at the Galactic value. Though the 
fitted temperatures appear to be high, the fitting proce- 
dure often 'pegging' the temperature at the highest al- 
lowable value, the errors are large. The size of this er- 
ror region can be seen in Fig. 12 (right), where 99%, 95% 
and 68% confidence contours are shown in the absorbing 
column— temperature plane for the Raymond & Smith hot 
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A.M. Read & W. Pietsch: ROSAT observations of the IC 4329A galaxy group 



Fig. 10. ROSATPSPC maps of the IC 4329A field in the (left) soft (channels 8-41) and (right) hard (channels 52-201) 
bands, obtained using an adaptive filtering technique (see text), and overlayed on optical images. The contour levels 
are at 2, 3, 5, 9, 15, 31, 63, 127, 255, 511, 1023 and 2047cr (a being 2.3 x 10"^ (soft) and 4.3 x 10"^ (hard) cts s'^ 
arcmin"^) above the background (7.1 x 10"'* (soft) and 6.4 x lO""* (hard) cts s""'^ arcmin"^). 



plasma model fit to the full NW spectrum (i.e. Table ||, 
row 1). 

Finally, it is worth noting that usage of a ther- 
mal bremsstrahlung model in the spectral fitting gives 
very similar results to the Raymond & Smith results. 
The equivalent absorbing column— temperature confi- 
dence grid appears essentially identical to Fig. 12 (right). 
Only in the fitting to the total NW spectrum was a best 
fit realised - A^H = 16.5t??;^ x lO^o cm'^, kT > 1.05 KeV, 
with a reduced slightly worse than for the Raymond & 
Smith case (0.54, with 9 degrees of freedom). 

The emission to the south-west, as mentioned previ- 
ously, is considerably more complicated, requiring a two- 
component model to fit the spectra, even adequately (the 
best one-component power-law and Raymond & Smith hot 
plasma fits to the SE spectrum result in reduced x^s of 
over 5 and 7, respectively). Freezing of a number of the 
components was necessary, as too many free parameters 
led to fits that either refused to settle at consistent values 
or had huge error regions. Following the line of thought 
touched upon above, the hard component was assumed to 
be identical to the IC4329A spectrum. The variation of the 
spectral parameters can be seen in Fig. 13. Here, the 99%, 
95% and 68% confidence contours in the soft-component 
absorption column— temperature plane are shown for the 
full SE spectrum, i.e. the hard component is frozen to that 
of IC4329A, and the metallicity of the soft component is 
frozen at the solar value. 

As can be seen, the soft component appears to be 
very soft, and rather unabsorbed. Fitting of the three 



sub-spectra SEl, SE2 and SE3, failed to settle at con- 
sistent values, and it is only when the absorption col- 
umn of the soft component is fixed at the Galactic value 
(4.40x 10^*^ cm^^), as seems completely reasonable from 
Fig. 13, that good fits are obtained. Table ^ summarizes 
these best two-component (power-law plus Raymond & 
Smith hot plasma) model fits to the SE spectra. In actual- 
ity, whatever (within reason) the hard component is frozen 
at (for instance, the higher index fit to the NW spectra 
- see Table |^), or whether the soft-component metallicity 
is frozen or left free, makes very little difference to the 
resultant fits. Assuming therefore that a hard component 
somewhat similar (if not identical) to the IC4329A spec- 
trum is present, then a soft component, consistent with 
a very cool, relatively (if not completely) unabsorbed hot 
plasma, appears to be present. It is also worth noting here, 
that the equivalent confidence contour plots for the three 
sub-spectra SEl, SE2 and SE3, appear more-or-less iden- 
tical, though with larger-spaced contours reflecting the re- 
duction in statistics. 

Models incorporating two Raymond & Smith hot plas- 
mas either failed to converge or, if they did, the results 
obtained were unphysical or had uncomfortably large er- 
ror regions. It is worth noting that a model incorporating 
two thermal bremsstrahlung models, both with absorbing 
columns frozen at the Galactic value, is able to fit the SE 
spectrum. A very low and a very high temperature plasma 
is required. 

As we have seen therefore, both a hard and a soft com- 
ponent to the unresolved emission appear to exist around 
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Table 5. Results of fitting power-law and Raymond & Smith hot plasma models to the north-western unresolved 
emission spectra (see text), as follows: Column 1 gives the spectrum, whether the full NW spectrum or one of NWl, 
NW2, or NW3, the radially extracted spectra. Columns 2—6 give the results of the best power-law fits; fitted A^h 
(col. 2), fitted spectral index, F, where F oc (col. 3), and the reduced ^nd number of degrees of freedom 

(col. 4). Columns 7—9 give the results of the best Raymond & Smith hot plasma model fits (with the metallicity frozen 
at the solar value); fitted Nu (col. 7), fitted temperature kT, in keV (col. 8), and the reduced and number of degrees 
of freedom (col. 9). Where parameters arc seen to 'peg' at the highest or lowest allowable values, 2cr upper or lower 
limits are given. Two values for the (0.1— 2.4keV) X-ray luminosity (scaled to account for the emission lost in the 
'holes' left after the source subtraction procedure) are each given (corresponding to a distance of 64Mpc) in columns 
5 and 6 (for the power-law fits) and columns 10 and 11 (for the hot plasma fits). Cols. 5 and 10 give the 'intrinsic' 
luminosity (correcting both for Galactic and intrinsic absorption), while cols. 6 and 11 give the 'emitted' luminosity 
(i.e. correcting merely for the Galactic A^h)- 
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Table 6. Results of fitting two-component (power-law -|- Raymond & Smith hot plasma) models to the south-eastern 

unresolved emission spectra (see text), as follows; Column 1 gives the spectrum, whether the full SE spectrum or one 
of SEl, SE2, or SE3, the radially extracted spectra. Columns 2 and 3 give the parameters of the power-law component 
to the best fit; fitted A^h (col. 2), and fitted spectral index, F, where F oc (col. 3). Columns 4 and 5 give the 
parameters of the Raymond & Smith hot plasma component of the best fit (with the metallicity frozen at the solar 
value); fitted (col. 4), and fitted temperature kT, in keV (col. 5). The reduced and number of degrees of freedom 
are given in (col. 6). Two values for the (0.1— 2.4keV) X-ray luminosity (scaled to account for the emission lost in 
the 'holes' left after the source subtraction procedure) arc given (corresponding to a distance of 64Mpc) in columns 
7 and 8. col. 7 gives the 'intrinsic' luminosity (correcting both for Galactic and intrinsic absorption), and col. 8 gives 
the 'emitted' luminosity (i.e. correcting merely for the Galactic A/h), the figures in brackets indicating the percentage 
contribution to this luminosity from the Raymond & Smith hot plasma (i.e. the soft) component. 
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IC 4329A, the hard component lying, rather smoothly and 
symmetrically distributed, around the IC 4329A/IC 4329 
pair, the soft component lying almost entirely to the 
south-east of IC 4329A. As we have regions of emission 
where only the hard emission appears to exist (to the 
north-west), it is easier to deal with this aspect of the 
emission first. Only after this, can we move on to discuss 
the soft emission component. 



4-3. Discussion - The hard component 

One possibility as to the origin of the hard residual com- 
ponent, as alluded to (though not explicitly stated) in the 
previous sections, is that it could be due to the 'wing' 
emission from the very bright central source. This idea 

is supported by the fact that the spectrum of the hard 
residual emission (both the NW emission and the hard 
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A.M. Read & W. Pietsch: ROSAT observations of the IC 4329A galaxy group 



Fig. 12. Model spectrum fits to the NW spectrum. (Left) Gaussian contour levels of Icr, 2a and 3ct in the spectral 
index— absorption column plane for the power-law fit to the NW spectrum (Table ||, col. 1). (Right) Gaussian contour 
levels of 1(7, 2a and 3cr in the temperature— absorption cohmm plane for the Raymond & Smith plasma fit to the NW 
spectrum (Table ||, col. 1). 



component of the SE emission) appears very consistent 
with the IC 4329A spectrum. 

To investigate this question further, a radial surface 
brightness profile (over the channel range 11 to 235) of 
the central emission was formed. This is shown in Fig. 14 
(with the region between 2.4' and 12.6' magnified in the 
inset), and contains many features, as follows: Firstly, 
the data points show the radial distribution (centered on 
IG 4329A) of the total X-ray emission, split into 21" ra- 
dial bins, with the region inside 1' split into 7" radial 
bins. The long dashed line represents the PSF of a point 
source with a spectrum best fitted by a power law of pho- 
ton index 1.28, absorbed by a column of 2.27x 10^^ cm~^, 
i.e. it represents the radial distribution of the emission 
from IG 4329A, assuming it to be a point source. This 
was formed by summing together model PSFs (for pho- 
tons of varying energies), each normalized according to 
the spectrum of IG 4329A (i.e. normalized according to 
Fig. 7). The dotted line indicates the radial distribution 
of the true (i.e. non-diffuse) background. This was formed 
by firstly eliminating from an image all of the sources to 
very large radii (5x the FWHM of the PSF). This resulted 
in an image where approximately none of the unresolved, 
extended emission, visible in Fig. 9, was included. A poly- 
nomial fit was then used to interpolate across the 'holes', 
and the image was then heavily smoothed (with a Gaus- 
sian of FWHM 9.4'). A radial profile of this image (again 
centered on IG 4329A) gives the indicated dotted line. 
The dash-dotted line indicates the level of the 'diffuse' 
emission, the unresolved emission visible in Fig. 9. This 



was formed by removing sources from an image to radii of 
twice the FWHM of the PSF. A mask image was created 
in the same way with zero values at the positions of these 
holes, and values of unity everywhere else. A radial profile 
(of binsize 36") was formed from the source subtracted 
image, and this was normalized for the area lost in the 
'holes', by dividing it by an equivalent profile of the mask 
image. 

Several features are evident within this figure. The cen- 
tral bright point source is very obvious, but also visible are 
the two other bright sources, the IG 4329 source (H5-P6), 
at «3', and H1-P3, at R:!l3.5'. The emission is seen to fall 
to the background level at large radii (9—18'), but there is 
a very notable deviation from this level closer in. Between 
4' and 9' (and possibly up to 11'), the emission is seen to 
be significantly enhanced with respect to the background, 
and there appears to be two components to this enhance- 
ment. One is the presence of some underlying, unresolved, 
perhaps truly diffuse emission, as indicated by the dash- 
dotted line. The second is the presence of point sources, 
notably the bright sources P6, P9 and P16, visible in the 
radial profile figure, between 4.5' and 6.5', as data points 
lying above the residual emission profile. Part (or perhaps 
all) of the enhancement at « 10' is due to sources P3 and 
P4. 

With regard to the unresolved emission therefore, it 
is the dash-dotted, unresolved emission profile, and the 
possible contribution to this from the dashed IG 4329A 
point source that are of interest. It can be seen from 
Fig. 14 that the idealised point source model of IG 4329A 
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Fig. 14. Surface brightness profile of the (0.1— 2.4kcV) flux about the centre of IC 4329A (the region between 2.4' 
and 12.6' is magnified in the inset). Data points show the total X-ray emission profile, the long dashed line represents 
the PSF of a point source with spectral properties identical to that of IC 4329A, the dash-dotted line indicates the 
level of the 'diffuse' emission, all point source emission having been removed, and the dashed line indicates the level 
of the 'true' background, all point source and 'diffuse' emission having been removed (see text). 



does contribute to the unresolved emission within the in- 
ner annulus (NWl & SEl: 2.25'-5'), though beyond this, 
in the outlying regions, the expected contribution drops 
rather quickly. The fact that the X-ray source associated 
with IC 4329A may not be an idealised point source how- 
ever, as is suggested by Fig. 14, where some deviation from 
the (spectrally corrected) point source PSF model can be 
seen), may boost the true wing contribution in the outly- 
ing regions from this source, to values perhaps in line with 
that of the residual emission. 

Perhaps therefore, the hard residual emission is due to 

the wings of IC 4329A. The hard residual emission is well 
fit by the IC 4329A spectrum, and the number of counts 
expected from the IC 4329A wings may be close to being 
in agreement with what is observed (though this is un- 
likely). Furthermore, the hard residual emission appears 
approximately circular, and both smooth and regular, as 
one would expect, if this emission were just due to the 
wings of a bright point source. Unfortunately, there is one 



aspect of the hard residual X-ray emission that is very 
difficult to reconcile with it being due to the IC 4329A 
wings — the emission is not centred on IC 4329A. Instead, 
it appears centred on a point midway between IC 4329A 
and its bright elliptical companion, IC 4329, a point co- 
incident with the 'bridge' of X-ray emission visible in the 
HRI data (Fig. 11). This fact, that the emission is not 
centred on IC 4329A, makes it very unlikely that the hard 
residual emission is due entirely to the IC 4329A wings. 

Instead, the above points are very suggestive of the 
emission being due partly to the 'wings' of IC 4329A, and 
partly to hot gas surroimding the IC 4329A/IC 4329 pair. 
A significant fraction of the hard residual emission will be 
due to the IC 4329A wings, but this only makes a marked 
contribution at smaller radii, dropping to a level below 
half that of the total hard residual emission beyond « 4'. 
The fact that the spectral properties of the hard residual 
emission appear indistinguishable from those of IC 4329A 
may at first seem strangely coincidental. In fact, this is not 
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A.M. Read & W. Pietsch: ROSAT observations of the IC 4329A galaxy group 



Fig. 11. ROSATBRl map of the IC 4329 A field obtained 
using an adaptive filtering technique (see text), overlayed 
on a digitized sky survey image. Only channels 6—11 are 
used. The contour levels are at 2, 3, 5, 9, 15, 31, 63, 
127, 255, 511, 1023 and 2047cr {a being 7.1 x IQ-^'cts 
s""'^ arcmin"^) above the background (2.1 x lO^'^cts s^^ 
arcmin"^). 

too surprising as the spectral capabilities of the ROSAT 
PSPC are not too good for harder spectra, and, to the 
PSPC, an IC 4329A-type spectrum and a hot (5-10 keV) 
plasma spectrum appear almost identical, as is apparent 
in the spectral fitting results (Table ||) . 

Nevertheless, we have attempted to further analyse the 
north-western unresolved emission spectra, in an attempt 
to extract any information regarding the hot gas compo- 
nent that may exist. A two-component model, compris- 
ing of a power-law component, representing the emission 
from the IC 4329A 'wings', and a Raymond and Smith 
hot plasma component, representing the diffuse hot gas 
component, was fitted to the full NW spectrum and to the 
three sub-spectra NWl, NW2 and NW3. Here, the power- 
law component parameters were frozen at the IC 4329A 
values {Nh = 22.7 x 10^" cm~^ T = 1.28), and the Ray- 
mond & Smith component absorption column was frozen 
at the Galactic value (4.4 x 10^° cm~^). Examination of the 
resultant Raymond & Smith component normalization- 
temperature parameter space reveals a similar effect in 
all but one of the cases; In the fits to the full NW spec- 
trum, and to the inner NWl and the outer NW3 spectrum, 
the temperature of the hot gas component is seen to be 
very ill-defined, with large, and highly irregularly-shaped 
confidence contour levels. Furthermore, no significant im- 
provements in the fit quality are seen, reduced x^s (and 
number of degrees of freedom) for these three fits being: 



Fig. 13. Gaussian contour levels of la, 2a and 3a in the 
soft-component temperature— absorption column plane 
for the (hard) power-law plus (soft) Raymond & Smith 
plasma fit to the SE spectrum. 

NW 0.86(9), NWl 0.63(5) NW3 0.30(3) (compare these 
values with the one-component Raymond and Smith val- 
ues given m Table |). 

In the case of the NW2 spectrum however, a significant 
improvement is seen in the fit quality (reduced x^(n.d.o.f) 
= 0.82(7) — compare with Table |5|). Also the hot gas 
component normalization-temperature parameter space is 
seen to be quite well-defined, with (at least at the 68% con- 
fidence level) reasonably small and regularly-shaped con- 
tour levels (see Fig. 15). The best fit to the NW2 spectrum 
(indicated by the dot in Fig. 15) contains a IC 4329A-like 
component and a hot gas component with a temperature 
of 1.531^:35 keV. 

We believe that we are only able to see this hot gas 
component, even reasonably, within the NW2 fit, because 
it is only at this radial distance from the central bright 
source that the contamination from the IC 4329A 'wings' 
drops sufficiently enough to allow the hot-gas component 
(which is itself dropping with radius) to become visible. 
In the NWl spectrum, although the hot gas component 
is large, the IC 4329A wing component is huge, and the 
contamination is too large to allow a reasonable determi- 
nation of the hot gas component parameters. In the NWS 
spectrum, even though the IC 4329A wing component has 
become extremely low, the hot gas component is now very 
low itself, and the statistics involved are insufficient for a 
reasonable spectral determination. 

A great range in temperature is able to fit the hot 
gas component of the full NW spectrum. We assume here 
though, that the temperature of the entire hot gas compo- 
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Fig. 15. Two-component model spectrum fit to the NW2 
(middle) spectrum. Gaussian contour levels of Icr, 2a 
and 3cr in the hot gas (Raymond & Smith) component 
temperature— normalization plane for the (IC 4329A-like) 
power-law plus Raymond & Smith plasma fit to the NW2 
spectrum (see text). 

nent is equal to the temperature found for the NW2 spec- 
trum (1.53to:ikeV). Fitting of the full NW spectrum, 
assuming this temperature, does lead to a very good fit 
indeed, with a reduced of 0.52 (with 10 degrees of free- 
dom). 

Mean physical properties for this north-western hot 
gas can be inferred from the above results if we make some 
assumptions about the geometry of the emission. Here we 
have assumed the simple geometry of the north-western 
hot gaseous emission being hemispherical with a radius 
of 11.7' (in actuality, only a rough approximation to the 
gas properties can be calculated here and assumption of a 
slightly different radius gives rise to very similar results). 

Using the volume derived for this hemispherical 'bub- 
ble' model, the fitted emission measure rjnlV (where rj 
is the 'filling factor' - the fraction of the total volume V 
which is occupied by the emitting gas) can be used to infer 
the mean electron density, rig, and hence the total mass 
-^gas) thermal energy E^^i ^^'^ cooling time igool 
gas. 

Performing these calculations, after first accounting for 
the extra emission lost in the 'holes' left after the source- 
subtraction procedure, one arrives at approximate values 
to the physical properties of the north-western hot gaseous 
emission as follows; X-ray luminosity Lx (0.1— 2.4keV; in- 
trinsic) 2.6x10^1 erg s-^ Ue, 1.8x lO-*??""'^ cm'^; Mgas, 
9.5 X 10i°?7°-5 Mq; E^^, S.lxlO^V'^ erg; t^^^i, 99Gyr. 
In the later discussion, we will see that no spectral infor- 



mation regarding the hot gaseous emission to the south- 
east can be obtained. This is primarily because of this 
emission being severely contaminated, not only, as it is 
to the north-west, by the IC 4329A 'wings', but also by 
the very soft emission discussed earlier. If one makes the 
simple assumption that the properties of the hot gas to 
the south-east are identical to those to the north-west, a 
quite valid assumption, given the physical appearance of 
the emission and the level of accuracy we can attain, then 
the values of the physical properties for the total hot gas 
surrounding the IC 4329 A/IC 4329 system become double 
those quoted above (except for the mean electron density 
rte, and the cooling time tcoob which remain unchanged). 

Remembering that, as discussed in the introduction, 
the two central galaxies lie close to cluster A3574, and are 
part of a loosish group of seven galaxies, it is useful to 
compare here the properties of this hot gaseous emission 
component with the general X-ray properties of groups 
and clusters. 

As regards the comparison with clusters, though the 
temperature of the hot gas may be comparable, the lumi- 
nosity (5.2 X 10*^ erg s~^) is extremely low. Clusters typi- 
cally have X-ray luminosities greater than 5 x 10^^ erg s~^ 



(Edge & Stewart |1991| ; Yamashita |1992| ; White |1996D , i.e. 
two orders of magnitude greater than is observed around 
IC 4329 A/IC 4329, and it is therefore very unlikely that 
we are seeing emission associated with the A3574 cluster. 
In the following discussion, we will primarily deal with 
the comparison of the present results with the properties 
of galaxy groups. 

The general X-ray properties of galaxy groups have 
recently been published, both of Hickson's ( |1982| ) com- 



pact groups (HCGs) (Ponman et al. 199(;), and of other, 
poor groups (Mulchaey et al. 1995). The group containing 
IC 4329A and IC 4329 appears rather loose and contains 
perhaps seven members (a rather large number). A good 
optical image of the group can be found in Fricke & Kol- 
latschny ( |1996D . 

The X-ray luminosity of the hot gaseous emission is 
low, but in no way uncomfortably low when compared to 
t he re sults of Ponman et al. ( 1996 ) and Mulchaey et al. 
(1995). Many other galaxy groups at the same distance 
are seen with very similar hot gas X-ray luminosities (i.e. 
the emission from the member galaxies having been re- 
moved, as has been done here). Furthermore, the ratio of 
the diffuse hot gas X-ray luminosity to the total blue lu- 
minosity of the member galaxies Lx/Lb (~ 1.2 x 10^"^) is 
seen to be very typical of groups. As regards how the X- 
ray luminosity relates to the spiral fraction (the fraction of 
the group member galaxies that are spiral, as opposed to 
elliptical galaxies), the hot gas around IC 4329A/IC4329 
is again, in no way unusual. The spiral fraction of the 
IC 4329A group is actually very high, IC 4329 bei ng the 
only non-spiral member, and though Ponman et al. (1996) 



find only a very weak cor relati on between spiral fraction 
and Lx, Mulchaey et al. ( 1995 ) find a somewhat stronger 
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correlation, all of the groups they detect having an ex- 
tended X-ray emitting intragroup medium having a high 
percentage of early-type galaxies. The emission within the 
IC 4329A group (a high spiral fraction group) is of a low 
luminosity, in agreement with the work of Mulchaey et al. 
( |1995D (and of Ponman et al. (1996) though only a far 
weaker correlation is seen here). 

As regards the temperature of this hot gas however 
the emission may be unusual. As discussed earlier, it 
has proved very difficult to separate this emission from 
the wings of the bright central source associated with 
IC 4329A, and a good deal of caution should be taken 
here. Indeed, the present case is very similar to the case 
of HGC 4, as, while Saracco & Cihegi ( 1995| ) sugge st the 
existence of an extended component, Pildis et al. ( 1995 ) 
find that it is impossible to detect any extended diffuse 
component on account of the emission from the central 
active galaxy in the group being so strong. 

Our tentative value though, for the temperature of the 
hot gas (« 1.5 keV) appears t o be high when compared 
to the values of Ponman et al. ( 1996 ), which range, in the 
majority of cases, from 0.6— IkeV, and also when com- 
pared to the values of Mulchaey et al. (1995). Though a 
large error on the temperature does exist (see Fig. 15), 
it does appear that the temperature is constrained to be 
greater than 1 keV. The hot gaseous emission seen sur- 
rounding the IC 4329A/IC 4329 pair appears therefore, 
to be quite hot when compared to typical groups, and as 
such, it sits rather uncomfortably on the L^— temperature 
relationship of Ponman et al. (1996), being of too low a 
luminosity for its temperature (or too hot for its Lx)- 

For rich clusters of galaxies (Edge & Stewart 1991D , 
there appears to be a good correlation between Lx and 
the optic al vel ocity dispersion a. Extending the Edge & 
Stewart ( 1991 ) cluster relationship down, one would ex- 
pect, in the case of groups, the higher velocity dispersion 
systems to have higher X-ray luminosities, and indeed, this 
does appear to be the case (Ponman et al. 1996 Mulchaey 
et al. |l995 ); higher-cr groups are brighter in X-rays. The 
IC 4329 A group of galaxies has a rather large value of a, 
approximately 390 km s~^, calculated using the Galaxy- 
corrected recession velocities given in the Third Reference 
Catalogue of Bright Galaxies (RC3; de Vaucouleurs et al. 
1991). This value is greater (though within the range of) 



Hickson et al.'s ( |1992[ ) study of 100 HCGs, which have a 
median value of 200 km s~^. It is also larger than typical 
values for loose groups (208km s~^ Geller & Huchra 1983; 
183km s~^ Maia et al. 1989D , though much less than for 
rich clusters, where, for example, Zabludoff et al. (1990) 
established a median a for 65 Abell clusters, of 744 km 
s~^. Interestingly, there is good indication of a correlation 
between a and the group emission temperature (Ponman 



regression line, between the groups and the clusters. The 
hot gaseous emission within the IC 4329A group however, 
is not as X-ray luminous as the group's velocity dispersion 
would imply, and it lies below the regression line fitted to 
the Lx — cr data of Ponman et al. ( |1996D . It should be 
stressed however, that it does lie well within the scatter 
of the data, and cannot be called in any way, unusual. 

In terms of the amount of gas present, the IC 4329 A 
group appears again, quite normal. Its estimated gas mass 
of ^ 2 X IO^^Mq is very typical of groups (Mulchaey et 
al. 1995), lying on the low side of average, but well within 



et al. 1996), a correlation which appears to extend from 



the poorest of groups to the richest of clusters. IC 4329A, 
on account of its high temperature and its high v elocity 
dispersion, lies directly on Ponman et al.'s ( 1996|) a — T 



the scatter. 

In summary then, part of the emission detected sur- 
rounding IC 4329A and IC 4329, and extending out to two 
other galaxies in the group, IC 4327 and NGC 5298, may 
well be hot gaseous emission associated with the galaxy 
group. If it is, then the estimated temperature of the hot 
gas (>lkeV, quite hot for groups) agrees well with the 
(high) velocity dispersion of the group galaxies. Its X-ray 
luminosity however, appears to be lower than average (for 
its velocity dispersion and/or temperature). Similarly, the 
mass of gas involved is perhaps lower than average. In no 
way though, do any of the physical properties of the emis- 
sion indicate that this IC 4329A group emission is very 
unusual. 

Interestingly, the single galaxy group in Ponman et 
al.'s (1996) survey most similar to the IC 4329A group 
is HCG 48. This group has a high velocity dispersion as 
well, and a correspondingly high temperature (~ 1.1 keV) 
is found for the hot gas. It's X-ray luminosity however, 
is low, and it is seen to lie significantly below the Lx- 
temperature relationship of Ponman et al. (1996), as do 
the present IC 4329A group results. Importantly, like the 
IC 4329A group, HCG 48 itself lies within a larger cluster, 
A1060, and it appears to be falling into this cluster. It 
may well be the case that we are seeing in both cases, 
the HCG 48 case and the IC 4329A case, the effects of 
gas stripping from these groups, as they fall through their 
respective clusters centres. This reduction in hot group gas 
would have the effect of reducing the observed Lx (and 
estimated gas mass), as is observed. 

J^.^. Discussion - The soft component 

The soft residual component reveals itself in several dif- 
ferent ways. It can be seen in the soft band (Ch. 8—41) 
image of Fig. 3, where the emission to the south-east of 
the central bright IC 4329A source is seen to be signifi- 
cantly enhanced with respect to the emission to the north- 
west. The most striking depiction of the residual soft com- 
ponent however, is in Fig. 10, where the adaptively fil- 
tered soft band image shows what appears to be a roughly 
semi-circular distribution of diffuse emission, 'centred' on 
IC 4329 A, and extending out, though almost entirely to 
the south-east, to a radius of perhaps 10', past the two out- 
lying sources H2/4-P4 and H16-P12. As seen, the spectral 
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properties of this emission indicate that it is very likely 
to be due to a very low temperature (~ 0.1 keV) plasma, 
absorbed by a column consistent with that out of own 
Galaxy. 

What is this soft emission then? One question that 
needs to be addressed first is, is this feature actually as- 
sociated with IC 4329A? Perhaps it is a foreground fea- 
ture. Perhaps it is very local, within our own Galaxy, or 
even within our local bubble. The spectral information 
present in the PSPC data is very useful here, as in Fig. 13, 
where the la, 2a and 3a Gaussian contour levels in the 
soft-component temperature-absorption column parame- 
ter space are shown, it can be seen that this component's 
spectrum appears to be best fit with a plasma spectrum 
with an absorption column equal to, or greater than, the 
column out of the Galaxy, i.e. the feature is very likely 
to be extragalactic, if no intrinsic absorption is present, 
a likely fact, given the amorphous, diffuse nature of the 
feature. The feature therefore, appears likely to be extra- 
galactic. Is it associated with IC 4329A though? A couple 
of points regarding the structure of the feature are very 
suggestive, we believe, of this being the case. Firstly, a 
good correlation is seen between this soft feature and the 
disc of IC 4329A. Secondly, within this feature, a large 
plume of emission is visible lying directly perpendicular 
to the IC 4329A disc, to the south-east (see Fig. 10), i.e. 
along the galaxy's minor axis. This plume is in the same 
direction a s the 2.3 GHz radio feature discovered by Blank 
& Norris (|l994| ). Furthermore, the HRI image (Fig. 11) 
shows good evidence for an extension in this south-eastern 
direction also. Lastly, the soft feature, although lying al- 
most exclusively to the south-east of IC 4329A, is very 
symmetric with respect to the minor axis of IC 4329A, i.e. 
the level of emission seen to the north-east of the plume 
discussed above appears very similar to that to the south- 
west. 

Assuming therefore, that the emission is connected in 
some way to the IC 4329 A/IC 4329 system, then the 
fact that it is soft and intrinsically, almost completely 
unabsorbed, is very reminiscent of the galactic winds 
seen within the halos of many different systems (notably 
starburs t sys tems) (Watson et al. 1984 ; Fabbiano 1988 



Pietsch |1992| ; Strickland et al. |l997t Read et al. |l997D 
Indeed, many multi-wavelength studies of this system in- 
dicate that a w ind is possibly present (see Sect.P) . Both 



Colbert et al. ( |l996D and Mulchaey et al. ( |l996D detect 
i?a-|-[Nii] features extending along the minor axis, to 
^10" (3kpc) on both sides of the nucleus, and both sets 
of authors believe that these features represent an outflow 
from the nucleus similar to the superwinds commonly seen 
in edge-on infrared-luminous galaxies (e.g. McCarthey et 
al. |1987|; Armus et al. |1990D. 



There are however, many differences between this fea- 
ture and the 'classic' winds seen in such nearby starburst 
systems as M82 and NGC 253. Firstly, the feature is very 
large, extending to a radius of perhaps 10', which at the 



assumed distance of 64Mpc, corresponds to a size of al- 
most 200 kpc. This is over an order of magnitude greater 
than the classic features mentioned above. Secondly, it 
appears almost entirely on one side only of the system, 
to the south-east, and thirdly, it is rather luminous when 
compared to the classic starburst winds. 

As for the hot gaseous emission in the previous section, 
mean physical properties for this cool, soft-component SE 
gas can be inferred, if we make some assumptions about 
the geometry of the emission. We could consider the emis- 
sion to be in the form of a hemisphere, purely in the south- 
eastern direction. This is physically unreasonable however, 
and upon closer inspection, the best simple estimate for 
the geometry of the soft residual emission appears to be a 
sphere, centred to the south of IC 4329A, with a radius of 
«8'(150kpc at the assumed distance of 64Mpc). Again, 
only a rough approximation to the gas properties can be 
calculated here and assumption of either model gives rise 
to very similar results. 

Using the volume derived for this spherical 'bubble' 
model, the fitted emission measure rjn^V can again be 
used to infer the mean electron density, rie, the total mass 
Mgas , the thermal energy E^^ and the cooling time icool of 
the follows; X-ray luminosity Lx (0.1— 2.4keV; in- 

trinsic) 8. 7x 10''"'^ erg s" 



3.4xl0-'*?7-°-^cm-3; Mgas, 
.0; Sth, T.OxlO^V^erg; i.^^i, 2.6 Gyr. 



Comparison of these values with values obtained for 
the soft extended features seen in several nearby spiral 
systems (including the 'classic' winds in N GC 253, M82, 
NGC 3079 and NGC 3628 (Read et al. |1997D ), leads to the 
conclusion that the soft emission seen here, to the south- 
east of NGC 4329A, is even more unusual than at first 
thought. Not only, as mentioned above, is it much larger 
and brighter (both by at least an order of magnitude) and 
observed on only one side of the system, but it appears to 
be far less dense (again by over an order of magnitude), 
and extremely massive (perhaps a hundred times moreso 
than for the NGC 253/M82 features). One must be careful 
here though, as a factor of ^Jr] is still involved in the above 
results, and this could have quite a large effect on the 
results. 

The soft feature seen here therefore, appears to be 
completely unlike the classic starburst winds (except in 
terms of the temperature, which appears to be consistent 



with the classic wind temperatures (Read et al. 1997). 
What this feature bears much more of a resemblance to, 
are the features seen associated with the ultraluminous 
far-infra red ga laxies (FIRGs) Arp 220, NGC 2623 (Read & 
Ponman |1997D and NGC 6240 (Fricke & Papaderos |l99|) . 
Here, large, soft, outlying features are seen to one side, 
and one side only, of these high-luminosity systems, sys- 
tems believed to be at the most energetic stage in the evo- 
lution of a merger between two galaxies, i.e. at the point 
where the nuclei of the two galaxies merge. However, the 
features seen in these systems, though more similar to 
the IC 4329A feature than the 'classic' wind features, are. 
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in some respects, still rather different. Though they are 
spectrally soft (fcr<0.5keV), and large (<,50kpc), much 
larger than the 'classic' wind features, they are still signif- 
icantly smaller than the IC 4329A feature. Furthermore, 
though they are far brighter than the 'classic' wind fea- 
tures, they still have luminosities perhaps an order of 
magnitude smaller than the IC 4329A feature. It must 
be borne in mind here though that, as mentioned previ- 
ously, IC 4329A is a superluminous Seyfert galaxy, with 
an X-ray luminosity some two orders of magni tude greater 
than that of Arp 220 (Read & Ponman |l997| ). In this re- 
spect, the IC 4329A 'wind' feature makes up a far smaller 
fraction of the total X-ray luminosity than in any of the 
FIRGs or starbursts. 

The most striking similarity between the IC 4329A soft 
feature, and the FIRG soft features however, is perhaps 
the strangest facet of their emission — their one-sided na- 
ture. Why does the structure seen in IC 4329A appear 
only on one side of the system? As regards the FIRGs, 
and as is discussed in Read & Ponman ( 1997 ), the answer 
may lie in the fact that these systems are rapidly evolv- 
ing. MacLow & McCray (1988) numerically modelled the 
growth of superbubbles: large thin shells of cold gas sur- 
rounding a hot pressurized interior, - essentially a galactic 
wind, or at least, the progenitor of, in various stratified at- 
mospheres. They discovered that superbubbles blow out of 
the H I layer (i.e. they depart from the 'snowplow' phase 
and evolve into the 'blowout' phase), and are then able 
to move out into the inter-galactic medium at velocities 

199^ . 



addition and contrast enhancement of four UKST Illa-J 
survey plates indicate the presence of low surface bright- 



of several thousand km s ^ (see Heckman et al. 



This, MacLow & McCray (1988) find, occurs when the 



superbubbles have a radius of between one and two scale- 
heights. What they also find however, is that these bubbles 
will blow out on one side only of a disc galaxy if the bub- 
ble centres are more than 50— 60pc from the centre of the 
disc of the galaxy. Now, in a (relatively) non-evolving sys- 
tem, such as M82 or NGC 253, the starburst is seen to be 
very symmetrically positioned with respect to the galactic 
disc, and bipo lar struct ures a re seen i n the X-ray (Wat- 
son etal. |l984t Fabbi ano|l988[ Pietsch |1992| ; Strickland et 



al. 1997; Read et al. 1997). As discussed in Read & Pon- 



man (1997) though, in the rapidly-evolving ultraluminous 
merging systems Arp220 and NGC 2623, the central burst 
is highly unlikely to be so centrally positioned with respect 
to the quickly-moving and highly distorted gaseous com- 
ponents, and the direction of steepest pressure gradient 
(along which the bubble will most rapidly expand) will 
now no longer be along both directions of the disc's minor 
axis (as is the case in M82-type systems), but will be in 
just one direction (as is predicted by MacLow & McCray 
198S), hence the observed one-sided blowout. 



In the present case, it appears unambiguous that some 
sort of interaction between IC 4329A and IC 4329 is tak- 
ing place: Both galaxies are close together and are part of 
a looser group of seven galaxies. IC 4329 appears to be a 
shell galaxy, a signature of interaction. Photographic co- 



ness features around IC 4329 A (Wolstencroft et al. 1995), 
again suggestive of an interaction. Evidence for possible 
interaction-induced activity is also seen, as discussed ear- 



lier, in the ffa-|-[Nii] studies of Colbert et al. (1996) and 
Mulchaey et al. (1996), and in the radio studies of linger 



et al. (1987) and Blank & Norris (1994). Good evidence 



for an interaction is present also in the ROSAT WRl data. 
As seen previously. Fig. 11 shows what appears to be a 
'bridge' of emission connecting the two galaxies. This type 
of feature is believed to have been seen in several differ- 
ent situations, though importantly, always in association 
with galaxies in the process of interacting. For instance, a 
near-identical feature is seen between the pair of interact- 
ing galaxies, NGC 3395/6 (Read & Ponman 1997), and at 
the contact region between the two galaxies making up the 
Antennae system (Read & Ponman 1995). Furthermore, 
a similar feature is seen within the galaxy group HCG 92 



(Stefan's Quintet) (Pietsch et al. 1997). It is thought prob- 
able that all of these features, including the present HRI 
feature between IC 4329 A and IC 4329, are due to shocks 
resulting from strong galaxy interactions. So, though there 
is very strong evidence of an interaction occurring between 
IC 4329A and IC 4329, whether, as regards the above one- 
sided blowout discussion, this interaction is strong enough 
to displace the disc of IC 4329A with respect to the 'cen- 
tral' wind source, is unclear. 

There is another possible explanation of this very soft 
emission related to the harder group emission discussed 
earlier. Remember that the high velocity dispersion of 
the IC 4329A group galaxies and the high fitted temper- 
ature to the X-ray emitting gas should point to the X-ray 
emitting gas having a high luminosity. This is observed 
however, not to be the case, and it was suggested that 
'stripping' of some of the group gas as the group moves 
through the surrounding A3574 cluster medium may be 
taking place. This would result in a reduction in the X- 
ray luminosity and estimated mass of the group gas, as 
we see. As discussed earlier, this idea is given some cre- 
dence by the fact that HCG 48, a group very similar to 
the IC 4329A group in terms of its high velocity dispersion 
and high X-ray temperature, combined with a low X-ray 

|1996D , 



luminosity (Ponman et al. 



is also observed to be 
a group within a cluster (A1060), and is thought to be 
falling through the centre of the cluster. 

Could this soft emission, seen to the south-east of the 
IC 4329A/IC 4329 pair, be this stripped group gas? The 
addition of the X-ray luminosity and gas mass of this soft 
component to the equivalent values for the harder 'group' 
component would certainly push the total group gas Lx 
and Mgas to values such that the entire properties of the 
IC 4329A group, taken as a whole, would appear com- 
pletely normal and typical. As mentioned in the introduc- 
tion, this group lies at the easternmost edge of the Hydra- 
Centaurus supercluster. Though no tangential velocities 
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for these galaxies are obviously available, it could perhaps 
be safe to assume that the IC 4329A group would be mov- 
ing tangentially in a general westward direction, towards 
the centre of this superstructure. Any gas stripped from 
this group would appear to the east of the group, as is 
observed in the case of the very soft emission. 

Whether the temperature of this soft gas is consistent 
with this idea, is difficult to say. One might have expected 
any stripped gas to be harder than its equivalent group 
emission, though it might be possible that compression has 
lead to cooling. In fact, the (roughly) estimated cooling 
time of this gas is fairly short (less than 3 Gyr). 

This idea, though interesting, may not be correct how- 
ever, as perhaps the same morphology should be seen in 
the case of the hard group emission. Though this hard 
emission is scverly contaminated by the IC 4329A wings, 
it does appear, on account of the fact that the total 
hard emission is centred someway between IC 4329A and 
IC 4329, that the hard group emission lies more predom- 
inantly to the opposite side of IC 4329A than the soft 
emission. 

5. Summary 

We have observed both the ROSAT HRI and PSPC data 
from fields centred on the edge-on, type 1 Seyfert galaxy 
IC 4329A and its nearby companion, the giant lenticular 
IC 4329. 17 and 22 sources arc detected respectively in the 
full HRI and PSPC fields of view, the brightest being as- 
sociated with the two central galaxies and a further source 
to the south-west. Many coincidences are seen in the two 
datasets and the nine most significant HRI sources all 
have equivalent PSPC counterparts. In addition to point 
source emission, unresolved residual emission is detected 
surrounding the IC 4329A/IC 4329 pair. This emission ap- 
pears markedly two-component, with a smooth, circularly- 
distributed hard component, centred midway between the 
two central galaxies, and a more irregular, soft component, 
situated almost entirely to the south-east of IC 4329A. 
Our findings with regard to the observed point-source and 
unresolved emission can be summarized as follows: 

1. An extremely bright {Lx = 6 x 10*^ erg s~^) source 
is detected associated with the central Seyfert IC 4329A. 
Its spectral properties are compatible with a single power- 
law (r = 1.73), with a spectral break at 0.7 keV, in very 
good agreement with previous authors' work. 

2. Two other very bright sources are detected asso- 
ciated with the nearby giant lenticular IC 4329 {Lx = 
8 X lO^'^ erg s"-'^), and with a likely quasar to the south- 
west. Fitting of standard spectral models to these source 
spectra again result in fits that agree well with previous 
authors' work. 

3. Many other bright sources are detected both in 
the HRI and PSPC fields of view, including three point- 
like sources, symmetrically positioned with respect to the 
disc of IC 4329A. Optical follow-up observations of these 



sources with the 2.2 m ESO/MPG telescope at La Silla, 
Chile, has established that they are nothing to do with the 
central Seyfert, being merely foreground and background 

objects. 

4. None of the sources detected show any significant 
temporal variability. 

5. In addition to the point sources, residual emission 
is detected, both in the HRI and in the PSPC, surround- 
ing the IC 4329 A/IC 4329 pair. This emission appears 
markedly two-component, comprising of a hard, smooth, 
circularly-distributed component, centred somewhere be- 
tween IC 4329A and IC 4329, and a soft, irregular com- 
ponent, situated almost entirely to the south-east of the 
IC 4329A disc. 

6. The hard component of the residual emission ap- 
pears itself to be made up of two components. One of these 
is purely the 'wings' of the extremely bright IC 4329A 
source, visible out to several arcminutes. The second com- 
ponent appears to be hot (~1.5keV) diffuse gas, with a 
luminosity of ~ 5 x 10**^ erg s~^ and a mass of perhaps 
2 X 10^^ Mq. The properties of this emission are very sug- 
gestive of it being due to hot gas within the galaxy group 
of which IC 4329A and IC 4329 are members. 

7. The soft component of the residual emission, in 
terms of its temperature and one-sided nature, bears a 
good deal of resemblance to proposed starburst driven 
winds seen in some far-infrared ultraluminous systems. It 
is however much brighter (Lx = 9 x lO^'^ erg s"-"^), and 
larger. Another possibility discussed briefly, is that the 
soft emission may be a 'wake' of stripped gas from the 
galaxy group. 

8. A 'bridge-like' feature is detected with the HRI be- 
tween the two central galaxies, and is likely, as is seen in 
other similar systems, to be due to shocks resulting from 
the strong interaction taking place between the two sys- 
tems. 
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